Abstract: Seasonal variations in the concentrations of four heavy metals (zinc (Zn), copper (Cu), lead (Pb) and cadmium (Cd)) were determined in gills, skin and muscles of two fish species (M ugil cephalus and Liza ramada) from five locations in Lake Manzala. The average concentrations of the metals in fish tissues exhibited the following order: Zn>Cu>Pb>Cd. The statistical analysis revealed a significant effect of seasons, locations and fish tissues for all metals measured. The highest values of the metals were recorded in hot seasons (summer and spring). Fish samples from location V (Bahr El-Bakar) displayed the highest metal concentrations in their tissues. The highest concentrations of heavy metals were found in gills tissue of both fish species, while the lowest concentrations were recorded in muscles tissue. The values of the metals detected in the fish muscles(the edible part) were within the permissible limits.
INTRODUCTION
Fish is one of our most valuable sources of protein food. W orldwide, people obtain about 25% of their animal protein from fish and shellfish. The protein found in fish is of high biological value, which means that fish can be used as the sole source of protein in the diet. But the real importance of fish in the diet is not its protein, but the omega-3 fat it contains. Omega-3 fatty acids are very important for normal growth, it help prevent heart disease because they make the blood less likely to form clots that cause heart attacks.
In Egypt, mullet fish especially Mugil cephalus and Liza ramada are economically very important fish because they have high market value and have been cultivated successfully by fish farmers.
Aquatic system become contaminated with heavy metals released from domestic, industrial, mining and agricultural effluents which are continuously discharged into it . Many fish species are among the top [2 0,4 2,4 3 ] consumers of trophic pyramids in aquatic ecosystem. In consequence, they are endangered by diet-borne pollutants (e.g heavy metals) transferred along the food chain . Because heavy metals tend to accumulate [38 ,34 ,3 2 ] in different body organs, these metals are dangerous for fish and in turn they led to serious problems in both man and animals . [2 3 ,37 ] Fish have been used for many years to determine the pollution status of water, and are thus regarded as excellent biological marker of metals in aquatic ecosystem .
[1 5 ,2 2 ,4 0 ] Lake Manzala is considered one of the most important lakes in Egypt, is located in the north-eastern corner of the Nile Delta, large, shallow, brackish and exposed to high levels of pollutants from industrial, domestic and agricultural resources . [9 , 3 ,2 9 ] The main objective of this study is to evaluate heavy metals concentration in muscles, gills and skin of Mugil cephalus and Liza ramada collected from different stations of the lake during the different seasons. The two fish species studied in this work differ from each other with respect to their feeding habits.
M ATERIALS AND M ETHODS

Fish
sam ples(M ugil ceph a lu s and Liza ramada)were collected from five sites of Lake Manzala (Fig.1) . The sites were chosen in relation to contamination gradients. Site I&IV receive agricultural drainage water via Hadous and El-Sirw drains. Site II&III are impacted partially to brackish water from the south eastern side of the lake and the saline of Mediterranean Sea in the north. Site V receives huge amounts of sewage and industrial wastes via Bahr ElBakar drain. The fish samples were placed in ice box and immediately brought to the laboratory where they were kept deeply frozen at -20 C until the samples o were prepared for digestion and analysis. Before analysis, each individual fish was measured, weighed, dissected. A piece of gills, skin without scales, and epaxial muscle were taken, placed in separately preweighed acid cleaned flasks, dried at 80oC using an oven, digested on a hot plate using Nitric acid and Perchloric acid (2:1). Completely digested samples were filtered through an acid-resistant filter paper and the filterate made up to a known volume (20 ml) with distilled water . [2 0 ] mentioned authors demonstrated that fish surviving at highly polluted areas accumulate higher levels of heavy metals than those surviving at less polluted area of the same lake.
The phenomenon that different metals are accumulated at different concentrations in the various organs and tissues of fish was observed in the present study. The difference in the levels of accumulation in the different organs/tissues of a fish can primarily be attributed to the differences in the physiological role of each organ. Regulatory ability, behaviour and feeding habits are other factors that influence the accumulation differences in the different organs . Gills of the [3 6 ] examined fish contained the highest concentration of all the detected metals, while muscles appeared to be the least preferred site for the bioaccumulation of metals as the lowest metal concentrations were detected in this tissue. Higher metal concentrations in the gills could be due to the element complexion with the mucus that is impossible to completely remove from the gill lamellae before tissue is prepared for analysis . The adsorption [3 2 ] of metals onto the gills surface, as the first target for pollutants in water, could also be an important influence in the total metal levels of the gill . [2 7 ] Target organs, such as the liver and gills, are metabolically active tissues and accumulate heavy --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- Table 7 : Seasonal variations of cadmium concentration (µg/g dry weight) in different organs of Liza ramada from Lake Manzala. [5 ] umbratus from Olifants River, South Africa , in [2 2 ] Cyprinus carpio and Tinca tinca from Lake Beysehir, Turkey , in Liza abu from Ataturk Dam Lake, [7 ] Turkey , in Oreochromis mossambicus and Clarias [3 2 ] gariepinus from Olifant River, South Africa , in Liza [3 6 ] abu from Tigris River, Turkey , in Tilapia zilli from [4 4 ] River Nile , in M.cephalus from the northeast [2 5 ] Mediterranean Sea, Turkey . In support to this, Deb [3 1 ,1 9 ] and Fukushima added that metals may be in high [2 4 ] concentrations in the gills, intestine and digestive glands. These organs have relatively high potential for metal accumulation. Muscles, in the present study, contained the lowest levels of heavy metals. This result agree with many authors who reported that muscles is not an active tissue in accumulating heavy metals .
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[3 2 ,4 6 ,31 ,1 9 ,2 0 2 9 ,3 0 ,2 1 , 4 4 ] The concentration of heavy metals, in the present study, were higher in skin samples than in muscles. The reason for high metal concentration in the skin could be due to the metal complexion with the mucus that is impossible to be removed completely from the tissue before the analysis (Yilmaz,2005) . In this respect, Coetzee et al. mentioned that skin is an [2 2 ] important excretory organ for heavy metals by means of the mucus.
In the present study, the levels of heavy metals in different fish organs showed a highly significant differences between seasons. The measured metals attained their maximum values during summer, while the lowest values of it were found during winter. The concentration of metals in the surrounding water was also higher in summer and lower in winter (Bahnasawy et al., in press ). On the other hand, Ansari et al. [8] reported that variations of the metals concentration at given site may be often be due to seasonal changes of the organisms tissues weight rather than to any variability in the absolute metal content of the organism. The seasonal variations of heavy metals in fish were reported by many authors .
[4 7 ,2 9 ,3 1 ,25 , 3 4 ] The results of the present study showed that metals were more concentrated in M. cephalus tissues than that of L.ramada. Species differences in heavy metal bioaccumulation could be ascribed to differences in f e e d i n g h a b i t s a n d b e h a v i o u r o f t h e species . Although both M.cepalus and L.ramada are both pelagic fish, they differ in habitat and feeding behaviour. M.cephalus tend to be near the sediment region. Kilgour indicated that animals [3 5 ] which have close relationship with sediment, show relatively high body concentrations of metals.
Comparing with other studies, W indom et al. [4 5] found higher levels of Cu (19.0) and Zn (170.0) µg/g dry wt. in muscles of M.cephalus from North Atlantic.
